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Abstract: In the calculation of the nonlinear effects in the jonosphere, the 
authors use a velocity distribution function for the electrons; obe 
tained by one of the authors (Referat Zhur - Fizika, 1956, 1313) for 

the ease of propagation of an amplitude-modulated high frequency 
field of arbitrary amplitude Eo» in the presence of & permanent mag~ 
netic field. This makes it possible to calculate the valaas-of the 
cross modulation and other nonlinear ionospheric effects without as- 
suning the magnetic field of the wave wp be small, ascume done earlier 
by other authors. it is shown that even at transmitter powers greater 
than 250 kw and under usual conditions of radiation and propagation of 
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on occurs from the results of the 

ee es waves, © not conn penodulatton (linear with respect a a 
a abs enphstute of the field Ep of & atrong oan S00 es 
square 0 le under consideration, at a transmitter Lai oe ~ 
aaa Toe chavatter ising the depth of the cross~modula on ae oan 
ee between the electrons and motecules, 1s reas ane 
act ory to be 0.465, but the linear spre ‘a See 
ai mee ) results in 07353 assuming collision wi as ie ae 
Piet b cas 0.455 and 0.056 respectively. A calcule ae 
ee cain ear effect of phase self -modulation, ee ee 
eee eiroagh the ionosphere of an amplitude -modulated ; 
paren that this effect amounts to several ee eared ’ 
ee ae cai pe detected experimentally, and used to 8s udy 
donosphere. Bibliography, 10 titles. 
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TITLE On the cuestion of Quantur: Effects on the O.casion of Interaction of 
Electrons with > Hefe Fi in Resonators 
(K vopr ovykn efte zaimodeystvii elektronov § 
vysokoch ami v re Russian 


PERIODICAL Radioteknnika 1 » Vo} ur 6, PP 760-789 (U.5-5-R-) 
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n is then carried 
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energy gradie 
energy distribution of the electr 
sical method of investigation is no 
is very different. from that used in the quantum 
to soive the problem py means of the introd 
uthors show that th 
In an analogous way those 
cases C 3 f£ the elec- 
tron is not homogeneous « 
electrons are taken into account, and the 
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On the Guestion of quantum Effects on the Occasion of Interaction of 
Electrons with . hef. Fields in Resonators 


tron in the radio-range can be expressed classically and that the 
only quantum effect in the present work is connected with the in- 
fluence of the quantum of the field and in particular with the pre 
gence of zero oscillations. This quantum effect is very small. As a 
summary the authors state that no quantun—mechanic methods are neces 
sary for the calculation of the respective problems put that they can 
be solved by means of the quantum formula of Nyquist. (With Slavic 


references ). 
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* AUTHOR GINZBURG, V-L., FAYN, V.M. PA - 2080 
TITLE On the Quantum fiffects occurring on Interactions of Electrons with High 


Frequency Fields in Resonant Cavities (0 kvantovykh effektakh pri 
vzaimodeystvii elektronov © vysokochastochnymi polyami v polykh 

rezonatorakh). 
PiRIODICAL Zhurnal Eksperimental ‘nod 4 Teoret. Fiziki, 1957, Vol 32; Nr 1, 

pp 162-16h (U.S.S.R.) 

Received 3/1957 Reviewed 1/1957 
ABSTRACT The authors investigated the following problem in classical manner? At the 
moment A = 0 with the kinetic energy Ky * mva/2 a non-relativistical elec- 
tron enters the resonator and leaves 4¢ at the moment t * 7 with the 
energy Kn” mv3/2. For reasons of simplicity the electric field E in the 
resonator on the path of the electron is assumed to be homogeneous and 
parallel to the velocity of the electron (such a case jg absolutely real). 
If B= Ey coswt + (Ex + Eg) sinwt applies, dv/dt) = eB and vr © 
Vo + (e/m) [E.sinwt + (Ba + EQ) (1 - coswJ7)| is obtained. Here E, and 
Eg denote chance quantities and f, = Ba = 0 and Ee = Eg = Ta" are as- 
sumed to apply- a denotes the path to be covered by the electron (thick- 
ness of the resonator) and 7* denotes the mean square of the fluctuation- 
voltage. The averaging is carried out over the corresponding assemblies 
of the identical systems. The field in the resonator is assumed to influ- 
ence the movement of the electrons only to 4 small extent so that the 
terms of the order of magnitude e® may be taken to be sufficient. Under 
these circumstances (iky)* = e€ (sin(w7/2)/(47/2)] @ applies. For 
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the dispersion of velocity then Uivp)* * Tikr)*m-*vg* applies. If wrt 1, 
then (akr)* = e*y" applies. If oscillations of different frequencies exist 
in the resonator, (aky)*® = e* fo [Vet® fsin(oe/2)/ (we /2)] Mau, Ve 

ie | Vo] ®{c applies. For a ightly damping resonator with the frequency 
Wo -(L0)/8 the following expression is, found (proceeding from the_general 
expression for (AK>;)* )? 7 * _. (fico + oe )(_& sin oy) 
Other authors found the same resutes dy the appiieation Se™the quantum- 
mechanical perturbation theory, their calculations, however, are more com- 
plicated and are suited only for the range of small damping. The entire 
quantum -like effect in the problem of the passage of an electron through 
a resonator is based on the consideration of the quantum-like fluctuations 
of radiation in the resonator and especially of the zero oscillations with 
the energy fw/2. (Without images ) 
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Oa the Problem of the Natural Width of a Line withia the 
Radar Domain. (K voprosu 0 estestvennoy shirine limii v 
radiodjapazone.- Russian) 

Zhurnal Kkeperim. i Teoret. Fisiki 1957, Vol 32, Nr 3, 

pp 607 = 608 (USSR) 

Received: 6/1957 Reviewed: 6/1957 

If molecules are present im a volume the linear dimensions 

of which are much smaller than the length of the wave to be 
investigated, (this is realised very ofter in the radar 
domain) such molecules radiate as a uniform quantummeshanical 
system, and the width of the line of the spontaneous radiation 
depends upon the quantity of the molecules. In the case of 
“goupled” states the width of the line is proportiomal to the 


rnusber of moleeules. The present paper shows that this result 
is valid also for “not coupled" states of a system of molecules. 
The author here investigates the practically most important 
case of a BOLTZMANN energy distribution of the molecules. 

For reasons of simplicity here only two non-degenerated energy 
states of the molecules are assumed. E > E). The radiation 
of the molecules is here examined in dipole approximation, and 
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the diveet imteraction of the molecules is neglected. X, be 
assumed to denote the number of moleoules which are - 
present in atates with the energy. E.. tm the state of 
thermal equilibrium with the thermostat at the temperature T 


n-n, vab/2k Hane tO, Ee E,- B= hwo 


applies. After some further computations the following ex- 
pression is found for the natural width of the line: 


777 2BTo - (pw/2k 7) BZ 


Here 7 denotes the natural width of the line of a molecule, 
and, besides, 4 -1 
f= -nE/4kT applies. At W, = 2.10. see (A 1 cn) 


| 3,107! “a applies. This is the natural width of the 


ase of a gas if the molecules radiate independently. If however, 
40’) moleeules on a stretch of ~1 am (om the levels E_ and E,)» 
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then T+ 300° y= 10° seo! applies at T= 300° K. 

Thus, the matural width of the lime is im general not 
negligibly small within the radar domain, as Was assumed. 
The absorption width has the same width, The phenomenon 
described here also has a olassical analogy. In a system 

of oscillators which are present im a short atretch compared 
to the length of the radiated wave, an indirect interaction 
always existe owing to the common radiation field. 

(No illustrations) 
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Note On the Radiation Emitted by Molecules in the Presence of a 
Strong High-Frequency -Field (Izlucheniye moiekul v¥ prisutatvil 
sil'nogo vysokochastotnogo polya ) 


Zhurnal Ekeperim.i Teoret.Piziki, 1957, Vol. 33, Ne go ean 
USSR 

The author at first computes this effect with the help of the cor- 
respondence principle and then discusses quantum electrodynamical 
considerations, which confirm the existence of this effect. The in- 
vestigation on the basis of the correspondence principle: In this 
case the molecule is described by quantum mechanics and radiation 
py classical mechanics. At the outset various propositions are en- 
umerated. The wave function of the molecule is supposed to satisfy 
the Schroedinger- equation if¥@V/at = (H, + V sinwt)¥. With an 
existing interaction the solution of this equation is set up on the 
form ¥(t) = a, ¥, + 8 ¥o- On the basis of the correspondence prin- 
ciple the emission and the absorption of the molecule are determi- 


ned. This radiation is an essentially non equilibrium process, it 
takes place only under the influence of an external coercive for- 
ce. The Hamiltonian in the external field is of the form HeH,+¥ 
sinwt + W sinQt the equations resulting from this are also given. 
A weak external field with the frequency Q~Ro does not modify 
the character of the motion of the molecule, and therefore there is 
no resonance absorption at the frequency So- Subsequently, the 
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coherence of the irradiation of single gas molecules is investigat- 
ed. A two-atomic molecule is considered as an special example. With 
the matrix elements derivated here the intensity of radiation can 
be determined. Consideration on the basis of quantum-electrodynamics 
The occurrence of an emission at the frequency 92, result from sim- 
ple quantum-electrodynamical considerations. The matrix elements 

of the operator of the interaction with the electromagnetioal field 
with the frequency $2) (corresponding to the transition E 4-»f0) are 
proportional to I4, es |. The quantumelectrodynamical investi- 
gation here justitide the application of the correspondence prin- 
ciple. There are 6 Slavic references and no figure. 
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SUBMITTED: October 5; 1957 
AVAILABLE: Library of Congress. 
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56-4-19/54 


On the Oscillation Equations of a Molecular Generator 
(Ob uravneniyakh kolebaniy molekulyarnogo generatora) 


Zhurnal Eksperim. 1 Teoret. Fiziki, 1957, Vol. 33, Nr 4, 
pp. $45 - 947 (USSR) 


fhe question for the oscillation equations of a molecular ge- 
nerator for any working regime is theoretically treated and 
2 equations are established as total set of equations: 


£4408 + (w/a) (B+ 47?) + O78 = 0 
n+ o7'n- (2/K @,) E(P + g~'p) - Ty 


where E signifies an electric field, 
p - the polarization of the medium in the resonance band, 
Q - the energy factor, 
a - the natural oscillation of the syaten, 


N - the number of active molecules. There are 2 Slavio 
references. 
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av sisteme s tremya energeticheskimd 


zhumal Eksperim. 4 feoret.Pisiki, 1957» Vol. 33, Nr 5» 


generators 
devices three 
the behavior of 
Eg, Es is inves tigated 
4nfluence of an alternating 
follows: 


= (B3-E2)/t- 


In one of these 


The equation which is derived for dielectric (magnetic) suscepti- 
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report presented at the All-Union Conference on Statistical Radio 
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SOV/141-1-5-6-9/28 
‘AUTHORS : Maleakhov, A.N. and Fayn, V.M. 
TITLE: Tre Spectral Line Width of a 3-level Quantum Oscillator 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Radiofizika, 
1958, Vol 1, Nr 5-6, pp 66 - 7% (USSR) 


ABSTRACT: Quantum oscillators consist of systems with discrete 
energy levels, such as molecular gases, paramagnetic 
compounds, etc., associated with a resonator. The 
behaviour of the latter may be described by Eq (1) in 
terms of electric-field strength E , polarisatjon P and 
the resonator quasiky and @reqdency 2 and ©, ; 


respectively. The radiations produced suffer from three 
disturbing influences: thermal noise in the resonator and 
fluctuations in the amplitude and frequency on the pumping 
field. The spectral line width due to the first of these 
is called the "natural" line width and that due to the 
second and third is the "technical" line width. The 
effective line width is the sum of these two quantities. 
The resonator equation for complex field is Eq (2) and 


for complex permittivity is Eq (3). The latter may be 
Cardl/3 d 
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lator 


which upon substitution 


of the changed variables immediately following it becomes 


Eq (5). 
permittivity 


disturbances are present, 
character of the radiation. 
the disturbances are known, 
for the "natural" and 


it is seen that 
that of the pump source; 
possibility that 
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being found from Eq (6). 
fluctuations are absent, the amplitude 
the radiation are finite vector quantities. 
then Eq (18) describes the 

If the specttal densities of 

Eqs (24) and (25) are expressions 
“technical” line widths, respectively. 
If reasonable practical values for both gaseous 
magnetic solid systems are substituted in these expressions 
the technical line width is comparable with 
this does not exclude the 

more careful 


(23) would suggest an operating regime to 
line width. 
There are 3 figures and 6 references, 
and 2 English. 
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AUTHOR: ~ Fayn, V-M- SOV/141-1-5-6-10/28 
TITLE: On the Theory of a "“Cohetron" 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedoniy, Radiofizika, 
1958, Vol 1, Nr 5-6, pp 75 - 82 (USSR) 


ABSTRACT: The device described was proposed by the author in his 
earlier works (Refs 3,4). The principle of the device is 
as follows. A system of quantum objects having two energy 
levels is excited by some means; the objects will, 
therefore, spontaneously radiate energy quanta 
hw = Eo - E, , where Eo and Ey are the energy levels 


of the objects. In particular, a cohetron can be baged on 
a system of electrons, since an electron in a magnetic 
field has two energy states (depending on the direction of 
the magnetic moment of the electron). The aim of this 
paper is to analyse the operation of an electron-type 
cohetron. If the electrons are situated in a magnetic 
field, the overall magnetic moment of the system obeys: 
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ay 2y 1 “ 
= (ml + — [? aI --ff-Feo]  @ 
dt 30° zr , 


where y is the gyro-magnetic ratio, g is the spectroscopi> 


splitting coefficient, tp is the Bohr magnetron, UU, 


is the instantaneous equilibrium value of 4 , corresponding 
to the field H, “% is the relaxation time and ¢ is 

the velocity of light. The first term in gq (1) deacribes 
the action of the external field H , the second term takes 
into account the internal magnetic field of the system, while 
the third term describes the change of PW due to the 
relaxation processes. It can be assumed that the components 


Re and By of Eq (1) are sinusoidal functions of time, 


their frequency being = yH « The above assumption leads 
to Eqs (5) and (6). Ifa new variable » is introduced, 
as defined by Eq (7) and if »b, obeys Eq (8), Eas (5) and 
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(9) 


(10) 


These are the basic equations for the investigation of 


the system. 


(10) can be written as 
leads to Eq (12). 
system is given by Eq (13). 


the intensity of the radiation 


If it is assumed that 
is compratively long, that is, 
Eq (11). 
The intensity of the 


the relaxation time 
tm %& , Bas (9) and 
Integration of Eq (11) 
radiation of the 
On the basis of Eq (12), 
can be written as Eq (15). 


If the magnetic field changes stepwise (as shown in 


Figure 1), the radiation intensity can 
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Eqs (16) and (16'). On the other hand, when H is given 
by Eq (17), where XK w , the radiation is expressed 
by Eq (18). For tt , the solution of Eq (10) is in 
the form of Eq (23), where £ is given by Eq (24); it is 
assumed in the above that the magnetic field H is given 
by Eq (17). The energy radiated by the system during one 
change-over cycle of the magnetic field is given by: 


E = 2rfw = [> = aa | (29) 


where n, and Np is the equilibrium difference iy the 


populations of the levels &, and EB, - ‘The average 


radiation power is given by Eq (30), where T denotes the 
period of the magnetic field. On the basis of the above 
formulae, it is found that at a wavelength of 15cm it is 
possible to obtain! peak pulse powers of 3 x 10 Wina 
cohetron using a ferrite. 
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There are 1 figure and 11 references, of which 5 are 
English and 6 Soviet; one of the Soviet references is 
translated from English. 


ASSOCIATION: Issledovatel'skiy radiofizicheskiy institut pri 
Gor'kovskom universitete (Radiophysics Research Institute 
of the Gor'kiy University) 


SUBMITTED: May 29, 1958 
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Title : Quantum Phenonena in the Radio Band 


Orig Pub : An. Rom.-Sov. Ser. mats-fiz., 1958, 12, No 4, 47-94 


. " 8 
Abstract ; Translation from the Journal "Uspekhi Fiz. Nauk" 1959, 
64, No 2. 
See Referat Zhur Fizika, 1958, 10, 23638. 
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in this paper the following process 


substance in a magnetic field: The 


brought into a magnetic field. The 


8 denotes the 


the magnitude 1 and H the magnetic 
paramagnetic sub- 
moments of all electrons 
This will be the lowest 
field is connected in such 
Such a transformation must be 


Fayn, V. MM. 
TITLE: —~p-The Spontaneous Radiation of a Paramagnetic Substance in a 
Magnetic Field (0 spontannon izluchenii paramagnetika ,nakhodya~ 
Shchegosya v magnitnon pole) 
PERIODICAL: Zhurnal eksperinental'noy i teoreticheskoy fiziki, 1958, 
Vole 34, Nx 4, ppe 1032 - 1035 (USSR) 
ABSTRACT: Based upon a theory suggested 
4g suggested for the excitation of the electromagnetic radiation 
by means of a paramagnetic 
paramagnetic substance is to be 
electrons of the paramagnetic substance have then 2 energy levels 
the difference of which is E,-=, swe gp H. 
Bohr's magneton, € & factor of 
field intensity. When the temperature of the 
stance is almost equal to zero the magnetic 
adjust themselves to the magnetic field. 
state of the system; then the magnetic 
a way that its direction reversese 
Card 1/3 sufficiently quick with respect to the duration 


~ of the thermal 
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in a Magnetic Field 
relaxation and the duration of radiation VY, 9 and, besides, 
, 


sufficiently slow with respect to the period of radiation 
Neadiation = 2an/yy . After such a transformation of the nagnetic 


field all electrons are in a higher state of energy. When the size 
of the paramagnetic substance is much snaller than the wave of 
the radiated waves the system passes over into a higher state of 
radiation according to the time t, °° For the intensity of the 


radiation holds I = Yn, 9 \2n/303 swith By 2 denoting the dipole 
J 2 
moment of the transition 1 ~ 2 According to time 2k. 0 the system 
? 


radiates ita entire energy (equal to A = nfw) and passes over 

into a lower state of energye Then the magnetic field is connected 

once more and the systen starts radiating again. If the magnetic 

field with the frequency f~ (1/2) &, + 2%, ochangess the syaten 
} 


radiates an average power of the magnitude W = nhw/(t, + 2%, 9)? 
9 
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use of the Stark-effect it is possible to produce in an ana- 
logous way a radiation in an electric field. At the end the 
author thanks Professor V.L.Ginzburg for the discussion of this 
paper. There are 3 references, 2 of which are Soviet. 


ASSOCIATION: Gor'kovskiy radiofizicheskiy institut (Gor'kiy Radiophysical 
Institute) 


SUBMITTED: January 24, 1958 
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AUTHOR: Ginzburg, Ve Ley Fayns Varies gov /56-35-3-54/61 
Peele ly) och eee 
TITLE: On the Radiation of Systems With Many Levels Which Move in 


a Medium With Super-Light-Velocity (Ob izluchenii sistem 8 
mnogimi urovnyani, dvizhushchikhsya V srede so sverkhsvetovoy 
skorost'yu 


PERIODICAL: Zhurnal eksperimental 'noy i teoreticheskoy fiziki, 1958) 
Vol 35, Nr 3, pp 817 - 818 (USSR) 


ABSTRACT: The present paper deals with {nteresting possibilities offered 
in connection with systems of many levels moving with a velocity 
greater than that of light. If, jnitially, the system was on 

a single level (e.g. the lowest enerey level) it will be 
possible, in the course of time, to observe it in all those 
states into which it may pass over by direct or cascade-like 
radiation transition. Formulae are given for the degree of 
occupation of the levels and for the energy emitted into the 
unit, solid angle in the unit of time. To the systems which 
have many levels there also belong the bunches of atoms oF 
molecules with two suitable levels. The radiation of such 

Card Py, punches (which have dimensions smaller than the wave length) 
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is coherent with and similar to the radiation of a system 

in a magnetic field. However, the radiation (with a velocity 
greater than that of light) of such bunches as well as of 
single atoms and molecules or of para- and ferromegnetic 
particles is of hardly any practical importance. However, 

the radiation (with a velocity greater than that of light) 

of electrons moving along a magnetic field is perfectly real. 
In this connection, a metallic slowing-down system but also 
a dielectric or a plasma located near the bundle can play 
the part of this medium. Next, some details connected with 
this phenomena are given. A more detailed report on this 
Doppler-radiation of electrons moving with a velocity grdater 
than that of light is intended to be given at a later date. 
There are 9 references, 8 of which are Soviet. 


ASSOCIATION: . Gor'kovskiy gosudarstvennyy universitet (Gor'kiy State 
University) 


- SUBMITTED: June 30, 1958 
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Quantum Phenomena within the Radio Frequency Renge 


1958, Vol. 64, Ir 2, 


“ne first section decls with quantum phenomena in radio- 


electronics. The point in question are the quantum phenomena, 


tors in the interaction of the electrons 
elds. The author starts out with a 
ration taking into consideration the 

nd noise in resonators. This is 

n of the effects, which are connected 
f the electric field, where the 


electron is described db; classical theory. Tne derivation 


wis for the quantun-Like dispersion of 


the electron energy proves the correctness of the afore- 
nentioned semi-classical derivation. The fornula obtained 
here for the quantun-lixe dispersion of electron energy is 


AUTHOR: Fayn, V. if. 
TITLE: 
(Kvantovyye yavieniye Vv radiodiapazone ) 
PERIODICAL: Uspekhi Fizicheskixh Hauk, 
pp. 273-313 (USSR) 
ABSTRACT: 
which occur in resona 
with high-frequency fi 
pemi-clzssical investi 
quantum-caused backprou 
followed by 2@ discussio 
with the quantization o 
given here of the fors 
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are considered, which are connected with the quantum-like 
character of the notion of the electron. Within the radio- 
frequency range it is possible to describe the electron in 

= classical manner, and the only quentum effect in the 
problem under consideration is connected with tue influence 
of the quantisation of the field, and in particular with the 
existence of zero oscillations. It is very small. The second 
section deals with 2 few problems of vadiospectroscopy, which 
hitherto have never been considored in publications. At first 
the peculiarities are enumerated cnd then discussed, by 
which radiospectroscopy differs from optical spectroscopy. 
The following paragraphs investigate some quantun effects, 
which cre connected with the sforenentioned peculiarities of 
readiospectroscopy. The points in question are the problem of 
coherence in the spontaneous emission, of the ratural line 
width within the ragiofreguency renge, the generation of 
microradiowaves and of the radiation olf molecules in an 
intense high-frequency field. There are 2 figures, 1 table, 
and 77 references, 23 of which are Slavic. 


AVAILABLE: Library of Congress 
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AUTHOR:  Fayn, V.M. SOV/141-2~-2-4/22 


TITLE: — Interaction of a Two-level System of Particles with the 
Radiation Field in Free Space and in Resonators 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Radiofizika, 
’ 1959, Vol 2, Nr 2, pp 167 - 180 (USSR) 


ABSTRACT: A system of identical quantum particles having two energy 
levels is considered. ._ The system consists of molecules 
and interacts with its own and an external radiation field. 
If the interaction between the molecules is neglected, 
the Hamiltonian of the system can be written in the form 
of Eq.(1), where Hp is the Hamiltonian of a free 


molecule having eigen values hu (/2 and “ho /2 ; Py 
and a, represent the impulse and the co-ordinate of the 


radiation oscillator, respectively. A(x) is the vector- 
potential of the electromagnetic field, which is given by 
Eq (2); A, (x) represent normalised vector functions; 


B; is the dipole moment of the (electrical or magnetic) 


jeth molecule. The third term in Eq (1) represents the 
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interaction energy between the field and the molecules. 
It is possible to introduce for the system an energy spin 
for a particle. This is in the form of a vector operator 
r(ry; Kor rs) in a certain space R. The components 


of the vector f£ obey the relationships given by Eqs (3) 
and (4). The operators nD and }» can now be written 


in the form of Eqs (5)- The Hamiltonian of Eq (1) can 
therefore be written as Eq (6), where a, 2): £9 and 


Ss are constants depending on the type of the molecule. 


Since the derivative of the operator A is given by Eq (8), 
the equations of motion for the operators © and the 

field operators are in the form of Eqs (9)-(12). In the 
following, only the case when a= 0 and 8&3 - O is 


considered. If it is assumed that the distribution of 
electric spins is continuous, their density at a given 
Card2/9 point x can be represented by 8,(x), s,(x) and s(x) . 


A . 
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The total spin of the system is given by Eqs (13), while 
the equations of motion for Sy Sos 5 and dy are 


in the form of Eqs (14). Eas (14) are the formulae of 
the classical physics and are analogous to the corres~ 
ponding equations for the magnetic moment in a magnetic 
field. When the particles are distributed in a volume 
whose linear dimensions are much smaller than the wave- 
length of the radiated energies, Eqs (14) can be written 
as Eqs (15). If the equations are solved for the case 
when the molecules are situated in a free space, the 
results obtained are those relating to the coherent 
Spontaneous radiation, a8 indicated in the article of 

R.H. Dicke (Ref 1). In Eqs (14) and (15), it is possible 
to take into account the effect of the collisions between 
the molecules and the losses jn a resonator. These effects 
are represented by three constants, Ty T, (longitudinal 


and transverse relaxation times) and Q which represents 
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the quality factor of the resonator. The system is now 
described by Eqs (17), where Be is the equilibrium value 


of 5 . If the molecules are situated in an ideal 
resonator, having a= ©; Eqs (15) can be written as: 
“iv t iw t 


r =aq R,e ; Fi a®qR,e ; 


: 1 
A, &- (frie ° # are ° ai (19) 
2 


where the notation defined by Eqs (18) is introduced. 
Eqs (19) are solved for a number of special cases. When 


q is a known function of time, these solutions are in the 
Card4’/9 
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form of Eqs (20). When q is a known function of time and 
the system is at resonance, the solutions are Siven by 

Eqs (21) and (22). In the case of a true resonance, it is 
assumed that the oscillation q is amplitude-modulated and 
is represented by Eq (23). Eqs (19) are now in the form 
of Eqs (24) and (25). -The solution for R, is given by 


Eqs (26) so that the final expression is in the form of 
Eq (28). When the resonator has a finite Q , Eq (28) is 
modified and takes the form of Eq (29). The problem of 
the radiation of a single - molecule in a resonator can be 
approached in terms of quantum physics. A molecule having 
two energy levels gE and E is situated in a resonator 


whose natural frequency corresponds to: 


a 


wy, = (BL - BLA (30) . q 
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If the resonator is wpresented by an equivalent circuit 
having a capacitance C and a quality factor Q, » the 


Hamiltonian of the system is in the form of Eq (31). It 
is now necessary to find the solution of the Schroedinger 
equation for the system. By employing the usual methods 
(V. Heitler - Ref 11), the equations for the probability 
amplitudes b are in the form of Eqs (33). By a suitable 
substitution, Eqs (33) can be transformed into Eqs (35) 
and (36). Another substitution results in the final 
expression: 2 

Vv a 

V+t—veyvs 0 (38) 

a? 
where y is given by Eq (39). The solution of Eq (38) 
is in the form of the last equation on p 176. On the 
basis of the quantum physics, a system containing a large 
number of molecules can be represented by quantum numbers 
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Cara7/9 


r and m and the absolute value of the energy spin and 
its projection onto the axis Ry It is shown that the 


average energy of the field is governed by the following 


expression: 


E(t - t,) = ho, | wy_ [PnP ee + m)(r -m+i)(t - t.)° (43a). 


It is now necessary to determire the energy E by employing 
the classic equation, i.e. Eq (29). This can be written 
as Eq (29a), where represents the small change of the 
angle J in the vicinity of 3S . The solutions of Eg (29a) 
are given by Eqs (46) and (47). The field amplitude 

and the energy E are represented by ; 


q, =% (b720, \w| “1; 


and 
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oq? 1 n* - 2 
E= — = — ho, 9 (50) .« 
2 4 \u>|? 


For the time intervals obeying the conditions of Eq (44) 

it is found that the energy 15 given by Eq (51). In order 
to obtain a correspondence between Eqs (51) and (43a), it 
is necessary to assume that Eqs (52) are valid. Conse- 
quently, the radiation energy is given by Eq (55). 

When A= 0 , the total radiation energy is expressed by 
Eq (56). Ea (55) (or 56) determines the noise in masers. 
There are 13 references, of which 8 are English and 

5 Soviet; one Soviet reference is translated from English. 
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"247900 S/141/59/002/06/005/024 
pores Fa V.M. £032/E314 
TITLE: The Radiation of Ferrimagnetic Systems 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Radiofizika, 


ABSTRACT: 


Cardl/3 


1959, Vol 2, Nr 6, pp 876 - 883 (USSR) 


In previous papers the author showed that adiabatic 
remagnetization of a ferromagnetic or paramagnetic specimen 
gives rise to a coherent spontaneous emission of radiation 
at a frequency corresponding’ to the ferromagnetic 
(paramagnetic) resonance. In the present paper the author 
investigates the behaviour of ferrimagnetic systems in 

the presenca of an alternating field. It is shown that 

such systems can be used to produce radiation at a frequency 
which is greater than that obtained during the remagnetization 
of an ordinary ferromagnetic. If the ferrimagnetic consists 
of two sub-lattices with magnetization vectors M, and My, ; 


then the equations of motion are of the form given by Eq (1), 


where H is the external magnetic field, H,, ahd Ho, 


are the anisotropy fields in the first and second 


sub-lattices, Hig and Hop are the fields of exchange 
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forces and V1 and vo are the gyromagnetic ratios. 
Near the compensation point (S =0, S= Mi/ ty + Mo/Yo) 


an, alternating magnetic moment having a frequency 
determined by the ratio H,/H, appears when the 


ferrimagnetic is subjected to a sinusoidal alternating 
magnetic field (H, is the intensity of the molecular 


field). This frequency is greater by at least an order 
of magnitude than YHo . The frequency is practically 


independent of the frequency of the external alternating 
magnetic field and increases with the amplitude of Ho . 


Various applications are suggested for ferrimagnetics 
with compensation points (sharp high frequency pulses, 
electromagnetic shock waves). Acknowledgments are made 
to SI, Al'beru and T.Ne Pigolkina. There are 7 figures 
and 7 references, 6 of which are Soviet and 1 is English. 
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On tho Theory of Coherent Spontaneous Radiation 
(K teorii kogerentnogo spontannogo izlucheniya) 


Zhurnal eksperimental'noy i teoreticheshoy fiziki, 


1959, Vol 36, ir 3, pp 798-3802 (ussr) 


Treatment of the spontaneous emission of a system of particles, 
the dimensions of which are very large compsred to the wave 
length of the emitted wave, makes it necessary to take the 
coherence between the emitted individual particles 
(Mandel'shtam, Ref 1)(Refs ., 2-5) into account. In theoretical 
investigations the fact has hitherto not been taken into 
consideration that every particle is located in the quasisteady 
field of the near zone of all other particles. Consideration 
of interaction may lead to a variation of the eigenfrequency of 
the system (references 3 and 5 consider only that part of 
interaction which leads to a widening of emission lines, 
without considering the possibility of a shifting of eigen- 
frequency). The author of the present paper investigates this 
problem, in consideration of particle interaction, by way of 
the general radiation ficld. First, a system of particles with 
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On the Theory of Coherent Spontaneous Radiation SOV /56-36=3-21/71 
spin- and magnetic moment and located in an external magnetic 
field (electrons) is investigated by the classical method 
(according to Ginzburg)(Ref 10). In the following, the 
occurrence of a frequency shift is investigated by the 
quantum-theoretical method. It is found that this consideration 
basically leads to a shifting of the eigenfre: ucncy 


4, = (4, a’ / Sac?) ya, and to a width of line 


3 3 m i 
4,@ Ws yp/ 30° . Cy denotes the gyromagnetic ratio, 
p the magnetic moment, and Ww, = c/R, where R is of the order 
of magnitude of the radius of the system). The frequency shift 


is w, / @, ~A/R times as great as the width of the 


radiation lines. 
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24: Tov (1035, 194, Neo) B006/BO77 
AUTHORS: Ginzburg, V. L., Fayn, V. M. 
ene 
TITLE: Theory of Ferro- and Antiferromagnetism | 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, 
Vol. 39, No. 5(11), pp. 1323-1338 


TEXT: A simple approximate method is developed which permits determining 
the magnetization of the lattice or sublattice and also other quantities 
of ferro- and antiferromagnetics practically throughout the complete 
temperature range as functions of the dimensions and shape of the magnetic 
system. By way of introduction the authors point out the importance of the 
magnetic methods in the investigation of fine disperse substances, polymers 
and macromolecules. This paper concentrates on the examination of the 
anomalous magnetic properties of some nucleic acids and synthetic polymers. 
The nature of these effects is still unclear, and even if they are not 
related ‘to the antiferromagnetism (as is assumed by the authors, cf.Ref.2), 
an analysis of the properties of “polymer-type" ferro- and antiferro- 
magnetics is still -of significance. The approximate method used to determine 
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the magnetic quantities in relation to size and shape of the specimens 
(small particles, films, polymer chains, etc.) is based on a self- 
consistent generalization of the spin wave theory using the usual model of 
localized spins with exchange interaction. Although this model is far 
from representing the real conditions the results obtained are essentially 
of general validity, that is, independent of the model and can be regarded 
as semi-phenomenological. The problem is also examined as to when and to 
what extent the assumption of small particles and polymer chains forming 

& "paramagnetic fluid" ig valid. The magnetic properties of such a fluid 
are studied. M. I. Kaganov, N. N. Bogolyubov, S. V. Tyablikov, Pu Pu-cho, 
and L. A. Blyumenfel'd are mentioned. There are 30 references: 9 Soviet, 
15 US, 2 German, and 4 British. 


ASSOCIATION: Radiofizicheskiy institut Gor'kovskogo gosudarstvennogo 
universiteta (Institute of Radio Physics of the Gor'kiy 
State University) 


SUBMITTED: May 26, 1960 
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independent Waves with the energies ny es 9M = 1,2,..., where e = Et aks 


ts (ull, +25)*-45800%0 k holds. Here, P= gek/2me denotes the magnetic moment 
of excitation, g - the outer magnetic field, a . the lattice constant, k « *1/Na - 
the wave vector, The levels ee are lowered with increasing N, and if there is 
no H-field they tend to zero with N—»o ana Hy —»>0O. In the unidimensional 


case a sufficiently long antiferromagnetic Chain is unstable, The magnetic 
Susceptibility X of an antiferromagnetic body is determined by the lowest levels, 
which fact holds also for a two-dimensional System. For the estimation of y for 

a@ chain the lowest level will suffice. In converting the Susceptibility of’ the 
chains to the paramagnetic case it is Possible to assume the “depairing" of all 
outer electrons in the monomers, In the case of polycrystals absorption aay 


Card 2/3 


See react 


bee 


- ; —~ . as 
—_ nee ne S = 
STEERS RCC EPET z = MF eg 


12520005-2" 
APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R0004 


"APPROVED FOR RELEASE: 08/22/2000 EIA RDESO Dor oece neo ore 


CURIS RUD SED PLETUM TGR TSAR MR Steet 


2 EAE BRT PRR ieee EE 
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Macromolecules 


at a certain frequency yv not only with 
frequency range. The lateral links whic 
dimensional body, play a stabilizing par 
mination of the temperature dependence 
It is possible that the spin waves play 


B013 


a@ certain value of H but in a wide 

h "cement" the chains into the three- 
t. Of special importance is the deter- 
of the magnetic moment of the samples. 
an important part also in biological 


processes. The authors thank L. A. Blyumenfel'd and V. A. Benderskiy for 
experimental data and a discussion. There are 1 figure and 16 references, 7 of 


which are Soviet. 
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(Physics Institute imeni P. 5. Lebedev of the Academy of Sciences 


of the USSR) Nauchno-issi 


edovatel'skiy radiofiz icheskiy institut 


pri Gor'kovskom gosudarstvennom universitete imeni N. I. 


Lobachevskogo (Radiophysical Scientific Research Institute of 
Gor 'kiy State University imeni N. I. Lobachevskiy 
ee mend Ne T. Lobachevaki L 
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AUTHORS: Fayn, V. M., Khanin, Ya. I., Yashchin, E. G. 
ree 
“TITLE: Nonlinear properties of three-level systems 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 41, 
no. 3(9), 1961 , 986-988 


TEXT: A reaction (e.g. polarization P) of a three-level system to two 
monochromatic signals may serve as characteristics of the nonlinear 
properties of this system. Ey» Ey» E, are assumed to be three levele of 


a quantum syeatem. An external field FaE,,‘cos%,,t +E,, ‘cost, ,¢ (1) is X: 


assumed to act upon this system; the frequencies are oa ~(B,-E,)/s and 
2 50 7 (E, -E,)/%. The equation for the density matrix ‘mn 28 used in . 
order to determine the field-induced polarization of the system. If in 


the solution of this equation only the resonance terms with the 
frequencies % 2’ “ayo and 2,, -S,, are used and if one goes over to a 


system of corresponding algebraic equations, then the equation 
Card 1/3 
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Pm Cyatyse PT + es phage 7 + ayugge 332 + cra, (4) 


is obtained where = racer a, Sid Xx 
Par = iy, 47 {DI} [4 (xy? + 1%) + tala] — - Die (2t, + 1%) ths 
aa = 2byagd“? (D8 (4 (05? + hat) + tad] — DY (ty -+ 4) 7h), ‘ 
Pn = + !taTse7s0 (Pas! es + Pa/Tia)= a) aa (Di9 (2 (3° tvs) —tar hal +” 
+ Di (2 (ts? + tists) — tiy)}; 
= (4(q° Pre iich (4 (ss) + vist) + te78s] — (21, +9) iste 
Vis = BrsEys/h = 701, t= Ha3E93/h = Toa; 
holds if Dey = (BE, -5,)/ ahd Qo = (Bs -E,)/A and a{e) and plo °) are 
equilibrium Giercteueee of the level ee T, Be T pee the 
longitudinal and transverse relaxation times, respectively, and yw ‘ay is 


the matrix of the dipole moments. (4) indicates that the reaction of 
the system to two monochromatic signals contains a term with the 
combined frequenoy Ry 27243 - 25 which results from the nonlinearity of 
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the system. There are 8 references: 2 Soviet and 6 non-Soviet. The i 


three most recent references to English-language publications read as 
follows: NN, Bloembergen, S. Shapiro. Phys. Rev., 116, 1453, 1959; 
P. P. Sorokin, M. J. Stevenson, Phys. Rev. Lett., 5, 557, 1960; 

A. Javan, W. R. Bennett, Jr., A. R. Herriott. Phys. Rev. Lett., 6, 
106, 1961. 


ASSOCIATION: Radiofizicheskiy institut Gor 'kovskogo gosudarstvennogo 
universiteta (Radiophysics Institute of Gor'kiy State 
University) 


SUBMITTED; June 26, 1961 
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AUTHORS : Fayn, V. M., Khanin, Ya. I. 
PITLE: Self-excitation conditions of a laser 
PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v.41, A, 


no. 5(11), 1961, 1498-1502 


TEXT: The authors investigated theoretically the self-excitation 
conditions of a molecular generator with a cavity whose dimensions are 
considerably greater than the wave length of the generated waves. The 
cavity is assumed to be completely filled with weakly interacting 
molecules with two energy levels. The state of the system is characterized 


by the density of the energy spin a(r,t) whose components satisfy the 
conditions 


Aten PtP DA ee, = 0, 
a 


ft Ae DM eet, =, | 
fm Fy WE BAO (es — 98) 43 | (1) 


BARAT n=l len + anya - 
. : mal 
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Wo is the molecular transition frequency, Wy the natural frequency of the 4 


cavity, Q, the quality factors corresponding to these frequencies, T, and 
Ty, the Bloch relaxation times, e, and g, molecular constants, which are 
functionsof the matrix elements of the dipole moment: 1 af = 6,7, + EpTo} 
is the operatur of the molecular dipole moment, r, and ry are the spin 

rs - > > > ~ > 
matrices. e, + ie, = (2iw,/c ita 4» e, - ie, = (-2iw,/c)it,o- When the 
vector potential of the electromagnetic field is expanded into eigen- 
functions of a cavity with ideally conducting walls: A(r,t) “2. i 1 (Fay(t)s 
hE, «a 


2 
[a2av = Ano” , and with Ke. fA = O on? a5, -ia,, _ 
Va 
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Self-excitation conditions of a laser B102/B108 
8, + is, = Py, 84 - is, = Po, the system (1) can be represented by 
Py + (Ty' — §0) Pr + an5, =0, (7a) 
x 
+ (Tz! + iy) Po + rags = 0, (76) 4 
is a 
- 1 e 
Ss = 7 (= 8) +> DlPish + Pats) dy (Te) 
- @ > ih 7 (7°) 
ht gaton=—7F | (P,a, — Pea,) dV. 
The P, 2 are expanded according to 
’ 7 


Pa (et) = Dia, (8) Pa, Pa (rs) =Je Paw (8). 


The self- exoitation conditions ‘can be. determined ‘from an analysis of the Lee 
system (7). At the initial moment, Pay? Poy? and Q) are assumed to be : , 
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near zero, and 8, = 83° It is assumed that the small perturbations 


art i? t if,t 
) r fe) fn o sh ‘ ae ©: 
Pa\e » Poe » 4,e exist, with f, =, + 16)- Eqs. (7) with (8) 
lead to a system of homogeneous algebraic equations which have non-trivial ( 


solutions when the determinant 


bt — 183 (on Qa + 2ITs) — B (Wh + OG + Tz? + 2eyfQaTs) + 
+b iE, [20y/T, + (05 + 73° Qal + wh (02 +737) + hatonss = 0. (11) 
vanishes. In the case 16,)< 2, and neglecting the terms with ie 6° and 
of two real equations can be set up for S2, and 6). Here on!: the solutions 


of (7) which are increasing with time are of interest (837 ezer)* For 


6. = 0 holds 2 -i ‘ 

d 2 a, (wots + r + 20,03) (2) 
Acr 0,T, + 2Q, 
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2 -2 
: vw, (a? -22 tT > 4 aT Ba 
Ssor Lo” hor 2 (13), 
20,7, ‘ye bat 


from which the boundaries of ‘ie ze of Se can be x 
2 
> «2, 3 
estimated: (83. ¢) nin’ Qu) 2 fae oh 2? (c,, 220" ot OD W, ). os =e - T, 
= h 
Nain ees alain? Hanlt, 1 Q,t 2° These a eatin agree a those 


found by N. G. Basov and A. M. Prokhorov (ZhETF, 30, 560, 1956). If the 
resonator walls are ideally conducting, the relations 


ZA. dV = \ Bm, »d + \ anh dV, (17) 
Vatvex © Vex © 7 
\ > AA,” = | Aidvs> (| SMALd. 

a » a Vex » 


(18) 
> \ AAW <> \ {max A,)*dV =n {max A,}*Vew 


# Vex ¥ Vex 
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\ 3 dV S> n {max Ay}? Ver- (19) 
Yn 


hold true}; Va is the cavity volume and Vex the volume of the skin layer, n 


is the total number of natural frequencies of the cavity. The approxima- 
tion derived is applicable when Q}n. This inequality is fulfilled up to 
optical frequencies (lasers). There are 8 references: 4 Soviet and 

4 non-Soviet. The four references to English-language publications read as 
follows: H. Lyons. Astronautics, 5, 39; 1960; R. J. Collins, D. F. Nelson, 
A. L. Schawlow, ‘J. Bond, C. G. B. Garrett, W. Kaiser.Phys. Rev. Let., 5s 
303, 1960; A. L. Schawlow, C. H. Townes, Phys. Rev., 112, 1940, 1958; 

A. G. Fox, T. Li. PIRE, 48, 1904, 1960. 


ASSOCIATION: Gor'kovskiy radiofizicheskiy institut (Gor'kiy Institute of 
Radiophysics) 


SUBMITTED: April 22, 1961 
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AUTHORS ¢ Genkin, V. N., Fayn, V- M. 
ust ie peeeeienncsinren 
TITLE: The width of antiferromagnetic resonance lines 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v- 41, XX 
no. 5(11), 1961, 1522-1526 


TEXT: The authors developed 4 methoi to estimate the antiferromagnetic 
resonance line widths or the corresponding relaxation times due -to the 
interaction between the homogeneous magnetization precession and the spin 
waves. A. I. Akhiyezer et al. (ZhETF, 36, 216, 19593 UFN, 72, 3, 1960) have 
studied this interaction in ferromagnetics, for which the line width was 
found to be very small since exchange interaction does not affect the 
homogeneous precession. In the case of antiferromagnetics this interaction 
is most effective and the lines become wider. The Hamiltonian of the spin 
system is 


H =2 YY, SiSm H 7_ Sst 
Ze + gp A(Bsi ¥ Si) (1), 
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with 3) and ar being the spin operators of the first and the second 


sublattice, (lm> indicates summation over the nearest neighbors, the 
exchanze integral J>0O and Hy is the effective field of anisotropy. 


Introducing the operators of spin deviation and neglecting terms of an * Do 
order higher than the third, 


ge = (2S) (1 — alas AS) ax, Si = (2S) aj (1 — a1a4/45), (2) 
S? zS— ajay, Sh = (2S)"bn (1 — mbm/4S), 
Sz, = (25)! (1 — bnbm/4S) Om, Sin =— S + bmbms S#, = Sin & iShn 


is found. ‘With these operators, the Hamiltonian (1) may be separated in- 
to sums of second-order and fourth-order terms of a and b. The second-. 
order terms are diagonalized and represent the unperturbed spin-wave 

Hemiltonian. ‘The fourth-order terms represent the spin-wave interaction 
energy -....-) - 


I! = — 2 x {4 (Giaidibm + aibnbmbm + bn010;0; “+ bmPmbndt) + a:dibmbn}. The 


<im 
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operators a and b are given in Fourier re and with 
a, = ach 0 - Bish @, by = -atsh @ + Ach 0. th 20 = y,/D; 


D=1+ on hae where 22 is the santas of fie Ns spins. The 
A 
interaction Hamiltonian can be represented as 
’ J , ee ee a) ° 
dt = v2. > {De ca9yg yg +P ieanyBsBaPisBs -+ Ar29s0 142858, — (4) a 
2.4, 
= © 0te0s— Veit A (ky — kp — ks + ky). 


2°34 oh 


(4) describes the spin-wave interaction processes. The operators a, and 


from which the terms of the type uu 8,8, are eliminated. The Hamiltonian 


Mes arewed to investigate the relaxation of the uniform precession of the 
magnetization. It is assumed that the spin waves are in thermodynamical 
equilibrium at the temperature T. The probability of processes in which 
the number of spin waves is changed is determined. For low temperatures a 
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of resonane absorption in the presence of external forces. An ana- 
log is derived of the fluctuation-dissipation theorem, relating the 
noise in the presence of the external force to. the susceptibility 
of the system in the presence of the same force ; This is followed 
by an analysis of the interaction between electromagnetic waves with ; 
inclusion of stimulated Raman emission and a derivation of the self- 
excitation condition for a Raman laser. The connection between Raman’ 
lasers and parametric systems is also discussed. It is shown spe- 
cifically that if the system under consideration has a natural fre- 
quency @, and if it is acted upon by a signal with frequency @, > @,; 


then negative absorption is produced at a frequency @, =O) ~ O < Oe 
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acted upon by an electromagnetic field. ‘It is also noted that by 
using arimelaced Raman entseton at a Solero <s = ’ eete oLoRee 


‘Card 2B. nA gt esate es 4 ( epee) | - ae glee coe le peti aetta eek \ 


YG, Bie 20 Se noes ane REGRTEEP ER 


APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520005-2" 


P86-00513R000412520005-2 


REC FEE En RH SP Or 


ees a 


ACCESSION NR: AP4019239 


component) it is possible to produce frequency doubling within the — 
laser itself, since the molecular system in the laser is in an in- 
verted state. Orig. art. hass 52 formas. 
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PURPOSE AND COVERAGE: . This book is intended for scientists and cengireurs aorking: oe 
in the field of quantum radio physics and for students in advanced courses in 
schools of higher education and aspirants specializing in physics. [1 ney "180 
be useful ‘to physicists and engineers engaged in related fields. series ci 
problems on the theory of the interaction between radiation and a sulstance is | 
reviewed. Elements of the theory of quantum amplifiers and generato:s: are dis- 
‘cussed and the results of experiments are reviewed. The reader is assumed to ; 
have a knowledge of quantum mechanics equivalent to that of a university student. [- 
The material somite? in the book is pnreerores in such a way that the reader has ./"; 
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no need to refer to supplementary literature. ‘The authors attempt tu shed light | 
upon the major results of existing acheivements in this. field. Spertal attenti 

was paid to those investigations in which the authors themselves parisicipated. ~:-:* 
The experimental material was only reviewed, and for this reason little space is — ‘fos 
_ given to the descriptions of ‘technical details. Sections 1-20, 22-h1), and 71 en 
were written by V. M. Fayn; Sections 4i-hg ened by Ya. I. “Khanin Section 21 }-° 
vy VN. Genkin‘!section 50 by E Section 59, 60 by V. %. Talanov,/ |: 
and eae teas 61-70 by Ye. L. RosenbergHY The authors thank A. V, Gaponov, Pro- , 
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